Investigation of hydrolysis of lignocellulosic fiber suspensions with in-situ and ex-situ multi-scale physical metrologies by Nguyen, Tien-Cuong et al.
 Open Archive TOULOUSE Archive Ouverte (OATAO) 
OATAO is an open access repository that collects the work of Toulouse researchers and
makes it freely available over the web where possible. 
This  is  an author-deposited  version published in  :  http://oatao.univ-toulouse.fr/
Eprints ID : 13541
To cite this version : Nguyen, Tien-Cuong and Anne-Archard, 
Dominique and Coma, Véronique and Pichavant, Frédérique and 
Cameleyre, Xavier and Lombard, Eric and To, Kim Anh and 
Fillaudeau, Luc Investigation of hydrolysis of lignocellulosic fiber 
suspensions with in-situ and ex-situ multi-scale physical 
metrologies. (2015) In: 10th Annual European Rheology Conference
- AERC 2015, 15 April 2015 - 17 April 2015 (Nantes, France). 
Any correspondance concerning this service should be sent to the repository
administrator: staff-oatao@listes-diff.inp-toulouse.fr
 
10th Annual European Rheology Conference  -  AERC 2015  - 
April 15-17 2015, Nantes – France  
 
 
Investigation of hydrolysis of lignocellulosic fiber suspensions with in-situ and 
ex-situ multi-scale physical metrologies 
 
Tien-Cuong NGUYEN1, Dominique ANNE-ARCHARD2, Véronique COMA3, Frédérique PICHAVANT3, 
Xavier CAMELEYRE1, Eric LOMBARD1, Kim Anh TO4, Luc FILLAUDEAU1 
 
(1) Lab. Ingénierie des Systèmes Biologiques et des Procédés (LISBP), Université de Toulouse, CNRS, INRA, INSA, 
135 avenue de Rangueil 31400 Toulouse, FRANCE 
(2) Université de Toulouse ; INPT, UPS, CNRS ; IMFT (Institut de Mécanique des Fluides de Toulouse), 
Allée Camille Soula, 31400 Toulouse, FRANCE. 
(3) Laboratoire de Chimie des Polymères Organiques (LCPO), UMR 5629 CNRS/Université Bordeaux 1, 
IPB/ENSCPB, Pessac, FRANCE 
(4) School of Biotechnology and Food Technology, Hanoi University of Science and Technology, Hanoï, VIET-NAM 
 
 
-abstract- 
 
In the context of biofuels and chemicals production of petroleum substitutes from renewable 
carbon, bioconversion of lignocellulose biomasses is currently a major challenge. The limited 
knowledge of liquefaction and saccharification mechanisms stands as the main factor which 
penalizes bio-refinery progress. The present work is centred on the development of in-situ and 
ex-situ physical measurements of suspension rheometry and particle granulometry together 
with biochemical analysis in order to expand our understanding of the destructuration 
mechanisms of lignocellulose fibres. 
Corresponding to favourable conditions, hydrolysis of soft-wood (coniferous) and hard-wood 
(deciduous) extruded paper-pulp was investigated over 24h in a mixing system (fixed rotation 
frequency 100 rpm) using two substrate concentrations, 1% and 3%w/v and two 
enzyme/substrate ratio, 0.1 (5-6 FPU) and 0.5 (25-30 FPU) mL enzyme/g cellulose. The same 
enzyme cocktail, well suited for lignocellulosic material, was used for all experimentations 
(ACCELLERASE® 1500 Genecor). 
Our scientific results allow:  
- to propose and validate the in-situ measurements of the suspension viscosity and chord 
length distribution together with its conversion into particle size distribution. 
- to establish phenomenological models for rheological behaviour of initial suspensions and to 
confirm their visco-plastic behaviour, 
- to demonstrate the impact of the substrate nature and concentration and of the enzymatic 
ratios on the evolution of physical- and biochemical parameters during hydrolysis. Their 
impacts on transfer phenomena were quantified, 
- to define a critical time t*, in order to obtain a unique dimensionless viscosity-time curve, thus 
allowing to propose a strategy for high dry matter content hydrolysis, 
- to differentiate solubilisation and fibre morphology modifications in the viscosity reduction 
process during hydrolysis, 
- to describe all physical (viscosity, particle size) and biochemical (substrate and product) 
kinetics by second order reaction models. 
